
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD827913

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors; Critical Technology; 02
JAN 1968. Other requests shall be referred to
NASA, Marshall Space Flight Center, Attn: R-
P&VE-SLS, Huntsville, AL 35812. This document
contains export-controlled technical data.

AEDC ltr, 26 Apr 1973



AEDC-TR-68-30 ARCHIVE COPY 
DO NOT LOAN 

FLUTTER TEST 

OF AN ARRAY OF FULL-SCALE PANELS 

FROM THE SATURN S-IVB STAGE 

AT TRANSONIC MACH NUMBERS 

T. M. Perkins 

ARO, Inc. 
ublic release 

February 19&B ßZi^> 
*'&%& 

Thfk docamen± is subject to apexial export controlsA 
end each [transri littj il to fc re i gn/ go vernm ent ( ortforeign \ 
nationals may ne made Vonly with prior ipproval of  i 
NASA-M BFC, »&VE- SLSj Hunts> <m7 , Alaba\n> 
BÖ812. * V 

>■ 
K < 

< 
U 

Ü 
12 
o a 
ui < 

=ru 

PROPULSION WIND TUNNEL FACILITY 

ARNOLD ENGINEERING DEVELOPMENT CENTER 

AIR FORCE SYSTEMS COMMAND 

ARNOLD AIR FORCE STATION, TENNESSEE 

•^ROPFRTY OF U. S. AIR FORCt 
AF.DC LIBRARY 

AF 40(600)1200 



NOTICES 
When U. S. Government drawings specifications, or other data are used for any purpose other than a 
definitely related Government procurement operation, the Government thereby incurs no responsibility 
nor any obligation whatsoever, and the fact that the Government may have formulated, furnished, or in 
any way supplied the said drawings, specifications, or other data, is not to be regarded by implication 
or otherwise, or in any manner licensing the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use, or sell any patented invention that may in any way be 
related thereto. 

Qualified users may obtain copies of this report from the Defense Documentation Center. 

References to named commercial products in this report are not to be considered in any sense as an 
endorsement of the product by the United States Air Force or the Government. 



AEDC-TR-68-30 

FLUTTER TEST 

OF AN ARRAY OF  FULL-SCALE  PANELS 

FROM THE  SATURN S-IVB STAGE 

AT TRANSONIC MACH NUMBERS 

T.  M.  Perkins 

ARO, Inc. 

This document has been approved forpublic release 
"V.  its distribution is unlimited. Au/ ^ "? • 

1 



AEDC-TR-68-30 

FOREWORD 

The work reported herein was performed at the request of the National 
Aeronautics and Space Administration (NASA),  Marshall Space Flight 
Center (MSFC) under Program Area 921E,  Project 9240. 

The results of the test presented were obtained by ARO,  Inc.  (a 
subsidiary of Sverdrup & Parcel and Associates, Inc.),  contract operator 
of the Arnold Engineering Development Center (AEDC),  Air Force Sys- 
tems Command (AFSC),  Arnold Air Force Station, Tennessee, under 
Contract AF40(600)-1200.   The tests were conducted from August 24 
through September 7, and October 31 through November 6,  1967, under 
ARO Project No.   PT1858,  and the manuscript was submitted for publica- 
tion on January 2,   1968. 

Information in this report is embargoed under theJCtepartment of 
State international Traffic in Arms Regulations.    This report may be 
release^Ltoforeign governmerits-by^oiepartments or agencies of the 
U. S. Gove^^ielUjoikjccTto appr-oyaLgfJhe National Aeronautics and 
Space Administration, Marshall Spa^e~^ligTureeflte!\ R-P&VE-SLS, 
HuntsviJIeT'Alabama, or higher authority.   Private imHvidjiials or 
fipaarsre quire a Department of State export license. 

This technical report has been reviewed and is approved. 

Richard W. Bradley Leonard T. Glaser 
Lt Colonel,  USAF Colonel,   USAF 
AF Representative,  PWT Director of Test 
Directorate of Test 
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ABSTRACT 

Flutter characteristics of a 30-deg segment of the full-scale Saturn 
S-IVB stage were obtained at Mach numbers from 1. 30 to 1. 60 for vari- 
ous combinations of axial-compressive loads and panel differential 
pressures.    Flutter was encountered in one or more panels when suf- 
ficient axial load was applied to either partially or completely buckle 
the panels.    The flutter was amplitude limited,  and no structural fail- 
ures occurred on any of the panels as a result of flutter.   However, the 
test had to be terminated when two panels in the fifth bay were statically 
buckled beyond their elastic limit and permanent deformation resulted. 
A calibration test was conducted prior to the flutter test to determine 
the optimum design of the fixture used to support the model.    Also 
static-pressure and boundary-layer surveys were made on the model at 
tunnel conditions comparable to those of the flutter phase. 

This document is subject to special export controls 
and each transmittal to foreign governments or foreign 
nationals may be made only with prior approval of 
NASA-MSFC, R-P&VE-SLS, Huntsville, Alabama 
35812. 
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BLR Boundary-layer rake 

Pn - Pa Cn Pressure coefficient, 

Dn Total pressure orifices on wake rake,  Fig.  6 

L Pressure panel length,  in.  (Fig.  9a) 

Lp1 Calibration model length, in.  (Fig.   5a) 

Lp2 Calibration model length, in. (Fig.  5b) 

!l_5 Panel length in each of five bays, in. (Fig.   9b) 

Me Free-stream Mach number 

Pcri _ Critical buckling load for each bay, lb 
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pt Free-stream total pressure, psf 

p,,, Free-stream static pressure,  psf 

qa Free-stream dynamic pressure,  psf 

Rm Total pressure orifices on rake,  Fig. 5 

Re/ft Reynolds number per foot, V^/v^ 

Um Free-stream velocity, ft/sec 

u Local velocity, ft/sec 

Vjg Velocity outside boundary layer,  ft/sec 

x Distance from forward edge of pressure panel, 
in. (Fig.  9a) 

y Vertical distance above panel surface, in. 

z Vertical distance above Tunnel IT floor, in. 

Apc Differential pressure across test panel 

(Pc - P46>.  Psi 

6 Boundary-layer thickness to u/Vjp = 0. 99, in. 

6* Boundary-layer displacement thickness,  in. 

6 Boundary-layer momentum thickness, in. 

vm Free-stream kinematic viscosity, ft /sec 

0 Angular coordinate of circumferential ray of static- 
pressure orifices on pressure panel, deg (Fig.  9a) 

CONFIGURATION NOMENCLATURE 

BTj.3 Boattails (Fig.  5) 

h!_3 Height of fixture (Fig.  5) 
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SECTION I 
INTRODUCTION 

A flutter test of an array of panels from the S-IVB stage of the 
Saturn V vehicle was performed in the Propulsion Wind Tunnel, Transonic 
<16T).    The purpose of this investigation was to determine the flutter 
characteristics of the panels at higher dynamic pressures and Mach num- 
bers than were attainable in a previous test (Ref.  1) which was performed 
during a period of repair of the tunnel compressor. 

The previous Saturn S-IVB Panel Flutter test in Tunnel 16T (Ref.   1) 
indicated a requirement for improving the flow over the floor of the tun- 
nel diffuser, downstream of the floor-mounted fixture.    Therefore a 
calibration-phase test was conducted on a 0. 076-scale model of the fix- 
ture in the Aerodynamic Wind Tunnel, Transonic (IT) at Mach numbers 
from 0. 80 to 1. 40.    The objective of this calibration phase was to deter- 
mine the fixture height above the floor, and the boattail configuration 
which would minimize the flow separation at the entrance to the diffuser. 
The results of this calibration phase determined the necessary modifica- 
tions for the full-scale fixture used in Tunnel 16T.    To confirm the suit- 
ability of the final design of the fixture, a pressure-phase test was 
conducted in 16T to determine the boundary-layer characteristics and 
static pressure distributions on the panels at Mach numbers from 1. 20 
to 1.60. 

SECTION II 
APPARATUS 

2.1   WIND TUNNELS 

2.1.1   Tunnel IT 

Tunnel IT is an open-circuit,  continuous flow wind tunnel capable of 
operating at Mach numbers from 0. 5 to 1. 50.    The total pressure is 
approximately 1.4 atm throughout the operating range.    The test section 
is 12 in. square, 37. 5 in. long and has perforated walls.   Details of the 
perforated walls and the location of the calibration model in the test 
section are shown in Fig.  1 (Appendix I).    Photographs of three different 
configurations of the calibration models installed are presented in Fig.  2. 
Tunnel IT is described further in Ref.  2. 
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2.1.2   Tunnel 16T 

Tunnel 16T is a variable density wind tunnel capable of operating at 
Mach numbers between 0. 55 and 1. 60.   The tunnel is equipped with a 
plenum evacuation system, and the test section is formed by fixed parallel 
top and bottom perforated walls and perforated variable angle sidewalls. 
A more complete description of the wind tunnel and its operating character- 
istics is given in Ref. 2. 

The location of the floor-mounted model and details of the perforated 
walls are shown in Fig.  3.   A photograph of the flutter model installed 
in the test section is presented in Fig. 4. 

2.2  TEST ARTICLES 

2.2.1 Calibration Models, Tunnel IT 

An existing 0. 076-scale model of the Saturn S-IVB panel fixture was 
modified to incorporate three different sets of side support struts {hj,  h2, 
and h3> and three different boattail configurations (BTi,  BT2, and BT3) 
as shown in Figs.  5a and b.    Figure 6 shows the wake rake that was 
mounted on the aerodynamic tip of the simulated scavenging scoop.    The 
leading edges of the tubes were at tunnel station 37. 3 in. 

2.2.2 Pressure Panel, Tunnel 16T 

The same basic mounting fixture was used for both the pressure and 
flutter panels in Tunnel 16T (Fig.  7).    The boundary-layer rake shown in 
Fig.  8 was placed at three different positions on the rigid panel during 
the pressure phase.    This mounting fixture was composed of four basic 
sections:   the leading-edge ramp, the two side-support struts, the center 
section,  and the boattail fairing.   The rigid pressure panel was mounted 
to a different center section from the one used to support the flutter 
panel.   Both of these center sections were constructed as pressure ves- 
sels, but only the one used to support the flutter panel was sealed.   A 
boundary-layer trip which consisted of a 1/4-in. -diam tube was installed 
on the leading-edge ramp as shown in Fig.  7. 

Details of the rigid pressure panel which was constructed from 
0. 125-in.  4130 steel with three rows of static orifices equidistant from 
the external stiffeners are shown in Fig.  9a. 
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2.2.3   Flutter Panel, Tunnel 16T 

Details of the flutter panel, which was new but identical in design to 
the previous one (Ref.   1),  are presented in Fig.  9b.    A 30-deg segment 
of the forward portion of the S-IVB stage was modified to incorporate 
a steel bulkhead at each end.   Eight remotely controlled hydraulic jacks 
were placed at each end of the array of panels and connected to the steel 
bulkheads to apply the axial-compressive loads.    Four additional jacks 
were placed on either side of the array to reduce the shear stress in 
the side panel's as axial load was applied.   The end jacks were mani- 
folded together in groups of four and in turn to a central manifold on 
the marginator which allowed equal pressure in all jacks.    The amount 
of axial-compressive load applied to the array was varied from 0 to 
60, 000 lb. 

A sponge rubber seal was placed along the bottom of each of the two 
end bulkheads and along the side frames to maintain a pressure seal 
around the array of flexible panels.    An automatic regulator valve with 
a feedback control system was connected to a 0. 5-in. -diam nitrogen supply 
line in order to maintain a desired pressure differential across the 
flutter panels. 

The array of panels was divided into five bays with seven panels per 
bay as shown in Fig. 9b.   All panels were constructed from 0. 035-in. - 
thick 7076-T6 aluminum skin and were riveted to internal ring stiffeners 
and external hat sections for longitudinal stiffness. 

Figure 10 is a photograph of the flexible array of panels showing 
static buckling {Wind-off condition) in the first two bays for an axial- 
compressive load of approximately 40, 000' lb. 

2.3  INSTRUMENTATION 

2.3.1   Calibration Phase, Tunnel IT 

Sixteen static-pressure orifices on the calibration models and seven- 
teen total-pressure orifices from the wake rake were connected to a 
mercury manometer board.    The manometer board was photographed 
at each Mach number, and the data were reduced manually to coefficient 
form.    Two static orifices on the bottom surface of the model and three 
total-pressure tubes on the duct rake (Figs.  5a and b) were connected 
to pressure transducers which were located in the control room of 
Tunnel IT.   All transducer outputs were fed into analog-to-digital con- 
verters and then to a digital computer'. 
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2.3.2 Pressure Phase, Tunnel 16T 

Forty-three static-pressure orifices were uniformly distributed 
along three rays on the panel,  and nine microphones with accelerometers 
were located on the panel as shown in Fig.  9a.    All of the pressure 
orifices were connected to pressure transducers which were located 
in the tunnel plenum chamber. 

One boundary-layer rake was used to measure the boundary-layers- 
thickness at three locations on the pressure panel.   The 26 total- 
pressure lines on the rake were also connected to transducers.    The 
outputs from the transducers were introduced into the computer in the 
same manner as the static- and total-pressure outputs,from the cali- 
bration phase. 

2.3.3 Flutter Phase, Tunnel 16T 

The thirty-five flexible flutter panels were instrumented with thirty- 
three 120-ohm strain-gage bridges, five microphones and five acceler- 
ometers as shown in Fig.  9b.    Four of the microphones were mounted 
flush with the surface and the fifth was attached to the floor of the pres- 
sure cavity.    The rigid access panel just forward of the flutter panels 
in Fig.  9b was instrumented with a static-pressure orifice, an accel- 
erometer,  and a microphone. 

The signals from the strain gages, microphones,  and accelerometers 
were amplified and fed into two magnetic tape recorders and an oscillo- 
graph with a quick processing magazine.    The information obtained from 
the tape recorders and oscillograph consisted of panel frequencies, noise 
levels in the boundary-layer and pressure cavity,  and acceleration levels 
on the structure in the vicinity of the microphones. 

A transducer was connected between P4g orifice (Fig.  9b) on the 
rigid access panel and the panel cavity.    The transducer output was fed 
into a recorder and an automatic regulator valve.    This allowed continu- 
ous monitoring and control of the pressure differential across the flutter 
panel. 

A schematic drawing of the instrumentation layout for the flutter 
phase is presented in Fig.  11. 
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SECTION III 
TEST PROCEDURES 

3.1   CALIBRATION PHASE, TUNNEL IT 

Pressure data were obtained with the various model configurations 
at Mach numbers from 0. 80 to 1. 40 for Reynolds numbers from 4. 5 x 106 
to 4. 9 x 106 ft"1 (Fig.  12). 

3.2  PRESSURE PHASE, TUNNEL 16T 

Static-pressure distributions and boundary-layer profiles were 
obtained at Mach numbers from 1. 20 to 1. 60 for Reynolds numbers of 
approximately 2. 4 x 10^ to 4. 5 x lO^/ft.   Data were obtained with the 
boundary-layer rake mounted in the forward,  center,  and aft positions 
on the pressure panel. 

3.3  FLUTTER PHASE, TUNNEL 16T 

The Mach numbers 1. 30,  1. 40,  1. 50, and 1. 60 were established 
at low dynamic pressures.    The dynamic pressure was slowly increased 
in steps at constant Mach number until either the maximum value or a 
designated limit was reached.    The pressure differential (Apc) across 
the panels was maintained at 0. 5 psi as the tunnel conditions were being 
changed.   At each increment in dynamic pressure the tunnel conditions 
were held constant and the array of panels was axially loaded in com- 
pression from 0 to 60,000 lb.    When flutter reached a significant ampli- 
tude the differential pressure was increased to 2.0 psi to damp it out 
and minimize flutter time on the panel and strain gages. 

3.4 PRECISION OF MEASUREMENTS 

The magnitude of the uncertainties involved in the tunnel conditions 
is estimated to be as follows: 

IT 16T 

Mach number ±0.003 ±0.005 

Total pressure ±6 psf ±5 psf 

Dynamic pressure ±0. 5 percent ±0. 5 percent 

Total temperature ±3°F ±5°F 
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SECTION IV 
RESULTS AND DISCUSSION 

4.1  CALIBRATION PHASE, TUNNEL IT 

Six configurations were tested at Mach numbers from 0. 80 to 1.40. 
Four of the six configurations were run with both porous and solid floors 
below the 0. 076-scale fixture model.    The data presented are for porous 
liner plates as no significant difference was noted between the solid and 
porous wall data at Mach numbers from 1. 10 to 1. 40.    The variations 
of pressure coefficient (Cp) with x/Lp for the upper and lower surfaces 
are presented in Fig.  13.   The pressure coefficient data indicate a 
reasonably uniform distribution over that portion of the model which 
corresponds to the test panels of the full-scale fixture (x/L ■ 0. 3 to 
0.7). 

Figure 14 presents the variation of the total-pressure ratio and 
the stream velocity as obtained from the wake rake (Fig. 6) for three 
different model heights with one boattail configuration.    Configurations 
hj and h£ showed total-pressure recoveries of from approximately 90 
to 95 percent at z = 1. 5 in.   This was considered adequate to prevent 
aggravated separation at the floor of the tunnel diffuser.    Configuration 
h2 was selected as the optimum height primarily because of its superior 
structural rigidity and ease of fabrication over hj. 

Figure 15 shows the variation of total-pressure ratio with vertical 
distance above the test section floor for three boattail configurations 
with a constant model height {h2>.   Boattail configurations BTi and BT3 
show similar acceptable pressure recoveries as opposed to that of 
boattail BT2.    Boattail configuration BTi was selected since configura- 
tion BT3 would not cover the hydraulic jacks at the rear of the panel. 

The full-scale fixture, which was modified according to model con- 
figuration h2 + BTi, proved successful during the Tunnel 16T test as no 
diffuser or compressor flow difficulties were encountered. 

4.2  PRESSURE PHASE, TUNNEL 16T 

Static-pressure data were obtained on the rigid pressure panel at 
Mach numbers from 1. 20 to 1. 60 for two Reynolds number levels (Fig. 16). 
Also boundary-layer profiles (Fig.  17) were measured at forward, center, 
and aft rake locations on the rigid pressure panel.    A boundary-layer 
trip was employed to increase the thickness of the boundary-layer above 
the values obtained in the previous test (Ref.  1).   The boundary-layer 
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height,  displacement, and momentum thicknesses were computed from 
the profile data for the high Reynolds number level and are presented in 
Fig.  18. 

The variation in pressure coefficient (Cp) with x/L at Mach numbers 
from 1. 20 to 1. 60 is presented in Fig.   19.    A reasonably uniform dis- 
tribution is evident up to x/L = 0. 85.    The positive increase in Cp at 
higher x/L values indicates the presence of a shock wave with flow sepa- 
ration just ahead of the external ring frame at the trailing edge of the 
pressure panel. 

4.3  FLUTTER PHASE. TUNNEL 16T 

The array of 0.035-in.  aluminum panels was tested at Mach numbers 
from 1.30 to 1. 60.    Figure 20 presents the maximum dynamic pressure 
obtained at each Mach number for a panel differential pressure of 0. 5 psi 
with no axial load (PJJT 

= 0).    Flutter was not encountered on any of the 
panels in the array for PHT- 

= 0 and Apc = 0. 5 psi. 

Flutter boundaries for panels in the first three bays are presented 
in Fig.  21 in terms of free-stream dynamic pressure for a range of 
panel axial-compressive loads at Apc = 0. 5 psi.    As axial-compressive 
load is increased, the dynamic pressure required to initiate flutter in 
one or more panels in the first bay decreases at Mach numbers 1.40, 
1. 50, and 1. 60.   The test was terminated before the minimum dynamic 
pressure value could be obtained.    However, it is reasonable to assume 
that this minimum point would occur at PHT approximately twice the 
value of the wind-off static buckling load (PCri) as was noted in Refs.   1 
and 3. 

The effect of increasing Mach number from 1. 40 to 1. 60 is to reduce 
the axial-compressive load at which panel flutter starts in one or more 
panels in the first bay.    Increasing the Mach number while maintaining 
a constant dynamic pressure and Apc appears to increase the zone of 
axial-compressive loads needed to develop panel flutter in all three bays 
after it has initially started in the first bay. 

High speed motion pictures indicated a different mode of flutter 
from the previous test (Ref.  1) as panels appeared to flutter independently 
of adjacent panels.   In all cases the amplitude of panel flutter varied 
directly with the applied compressive load and did not yield any structural 
divergence.    Figure 22 presents a typical oscillograph trace showing 
flutter on the panels in bay one with an axial-compressive load of 42, 000 
lb.    The strain gage numbers correspond to those of Fig.  9b. 
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The test was discontinued after permanent buckling was observed 
in three panels and two stringers in bay five as shown in Fig, 23.   This 
is believed to have occurred at M,,, = 1. 60 with the panel subjected to 
60, 000 lb of axial load with a Apc of approximately zero. 

SECTION V 
CONCLUSIONS 

The following conclusions were derived from this test: 

5.1  CALIBRATION PHASE 

From the data presented, the intermediate height (h2) combined with 
the double curvature boattail (BTi> was selected as the optimum design 
for the full-scale panel fixture for the Tunnel 16T test. 

5.2 PRESSURE PHASE 

The pressure variations over the flutter panel were within accept- 
able limits. 

5.3 FLUTTERPHASE 

1. The array of panels was flutter free for the test dynamic 
pressures and Mach numbers with zero axial-compressive 
load for a pressure differential of 0. 5 psi. 

2. Flutter occurred at Ma = 1. 40,  1. 50, and 1. 60 on various 
panels in the first three bays when an axial load was applied 
in combination with a panel differential pressure of 0. 5 psi. 

3. The flutter mode was amplitude limited which resulted in 
no structural failures or fatigue cracks caused by flutter. 
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